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Chemically Controlled Crystal Growth of (CH 3 NH 3 ) 2 AgInBr 6 Thao T. Tran We report the successful crystal growth of a previously unknown mixed-metal organic compound (CH3NH3)2AgInBr6. This phase, which is not obtained by direct combination of reactants, is crystallized through the use of Pb 2+ (from CH3NH3PbBr3) to modulate the soluble intermediates and force formation of (CH3NH3)2AgInBr6. Our results provide insights into mechanism and design-driven crystal growth and discovery of new halide materials that are chemically related to perovskites with photovoltaic and related applications.
Organic-inorganic methyl ammonium metal halides are of particular interest in the search for photoactive materials attributed to their rich structural and electronic behavior. Their properties have been observed to be strongly correlated with the intricate interactions between the organic and inorganic subunits. 5, [27] [28] Structural dynamics within the perovskite structure h ave important implications for the operation mechanism of solar cells. They are thought to enhance charge carrier lifetime and open-circuit voltage, and affect hysteresis during current-voltage measurements. [29] [30] [31] More specific to mixed metal-organic hybrids, it has been observed that organic-inorganic halide compounds, -11,32-36 That is due to the substantial difference between reactivity and decomposition and/or vaporization temperatures of the organic starting materials and those of the inorganic reagents, precluding hightemperature techniques and thus limiting synthetic options. (MA)2KBiCl6 and (MA)2TlBiBr6 have been synthesized by directly combining appropriate reagents hydrothermally. 2, 8 The synthesis of (MA)2TlBiBr6, however, resulted in significant amounts of a by-product ((MA)3Bi2Br9). 2 This issue was improved in the synthesis of (MA)2AgBiBr6 by adding MAPbBr3, which was thought to serve as an in situ seed for the crystal growth. 9 This synthetic technique, however, did not selectively yield (MA)2AgBiBr6 and, as a secondary phase, (MA)3Bi2Br9 was also formed. 9 Furthermore, the role of MAPbBr3 in the synthesis has not been fully described and understood. Here, we demonstrate synthesis strategy to rationally design a chemical reaction to create a product with desired structural units and/or physical properties. By implementing this strategy, we selectively synthesized and grew crystals of the new mixed metal halide (MA)2AgInBr6, which does not form as a major phase by a straightforward combination of starting materials, through the addition of MAPbBr3. Rather than acting as an in situ seed, as has been previously postulated, we demonstrate that the key role is the formation of a complex intermediate species that selects a distinct reaction pathway. Thus, it offers a handle on how to design the synthesis of new hybrid halides. In addition, this material undergoes a structural phase transition at T = 135 K, that is driven by the dynamic rotational disorder of MA units, i.e., the disordered MA groups pick one orientation over the others as temperature decreases, driving the structural packing of (MA)2AgInBr6 though hydrogenbonding interactions (N-H---Br). Initial synthetic attempts to prepare (MA)2AgInBr6 via direct combination or hydrothermal methods were unsuccessful due to decomposing and yielding AgBr and (MA)4InBr7. Yet, in one reaction, trace signs of a phase with composition (MA)2AgInBr6 was observed. To identify optimal synthesis conditions and gain better insight into the synthetic chemistry of (MA)2AgInBr6, a series of experiments were performed and they are summarized in Table S1 .
• The key observation is that the presence of PbBr2/MAPbBr3 is crucial for directing the selective formation of (MA)2AgInBr6. That the desired phase requires lead to form, despite it being a spectator species that is not in the final product, implies that it must be affecting the species in
